In this investigation, the role of autophagy and apoptosis in Solanum nigrum fruit extract-induced cytotoxicity in MDA-MB-468, a triple negative breast cancer cell line was studied. Breast cancer cells were treated with varying concentrations (1 to 5 mg/ml) of Solanum nigrum extract for 24 and 48 h. Autophagy was detected using acridine orange staining and real-time PCR for Lc3 and Beclin1 genes expression. In addition, cell apoptosis was measured by double staining, DNA fragmentation and annexin V-fluorescein isothiocyanate binding assays. The expression levels of apoptosis-related genes Bcl2 and Bax were determined by real-time PCR. Different concentrations of Solanum nigrum extract showed cytotoxic effect on MDA-MB-468 cells. The expression levels of autophagy-related genes, Lc3 and Beclin1 increased in cells treated with 1.5 mg/ml of Solanum nigrum extract. Upregulation of Bax and downregulation of Bcl2 was detected after treatment with 5 mg/ml of Solanum nigrum extract. These findings indicated that Solanum nigrum extract induced cell death in MDA-MB-468 cells by two distinct mechanisms, apoptosis and autophagy, and these findings further suggest a possibility that this extract could be used to treat triple negative breast cancer.
Short Communications
Breast cancer is the most common cancer in women worldwide [1] . Triple negative breast cancer (TNBC) is an aggressive form of tumor. This represents a cancer that does not respond to most available treatments and usually escapes adjuvant therapy. In patients with TNBC the therapy included endocrine therapy while HER-2 targeted agents are ineffective. Hence, only a few treatment options are available for treatment [2] . Recently, increased attention is on antitumor herbs for cancer cure with fewer side effects compared to chemical agents. Solanum nigrum (SN) is a herb with anticancer effects such as destruction of tumor cell membrane, induction of apoptosis by NF-kappaB, caspase activation, nitric oxide production and inhibition of angiogenesis [3] . In the Indian traditional medicine, SN is used as hepatoprotective agent, and the fruit of SN is used as a nerve tonic in the Mexican medicine. The extract of SN contains carbohydrates, hydrolysable tannins, flavonoids, saponins, sterols and alkaloids [4] . Moreover, it has been used in traditional oriental medicines for treating various kinds of tumors and is believed to have various biological activities [5] . For example, SN has been used to cure hepatic cancer for a long time in oriental medicine [6] . A previous study reported that the extract of the whole plant of SN activated cell death in hepatoma cells through autophagy and apoptosis [7] .
One of the hallmarks of breast cancer is resistance of tumor cells to cell death. Therefore, remedies based on the induction of programmed cell death attracted greater attention for cancer treatment [8] . Autophagy and apoptosis are two forms of programmed cell death, which are essential for cellular homeostasis. Autophagy, the type II cell death, is a physiological mechanism involving degradation of intracellular damaged proteins and organelles into membrane vacuoles. It is thought to be involved in many physiological and pathophysiological processes, including antiaging mechanisms, differentiation and development, immunity, and elimination of microorganisms [9] [10] [11] [12] [13] . Induction of apoptosis leads to characteristic cellular changes leading to death. These changes include blebbing, cell shrinkage, nuclear fragmentation,
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chromatin condensation and DNA fragmentation [14] . Normally, autophagy and apoptosis have a tumorsuppressor role. Autophagy performs this role via degradation of oncogenic molecules thus preventing development of cancers, while apoptosis prevents the survival of cancer cells. Consequently, defective autophagy or apoptosis results in uncontrolled cell proliferation, such as cancer. Complete understanding of these defective activities are important for developing new anticancer agents [15] [16] [17] [18] [19] [20] .
In the present investigation the ability of the methanol extract of SN to induce programmed cell death in MDA-MB-468, a TNBC cell line was studied. Mechanism of cell death was evaluated, which indicated that the SN extract (SNE) not only initiated apoptosis but also caused cell death through autophagocytosis. The results obtained provided evidence that suggested that this herbal medicine could be of use in TNBC therapy.
Shade-dried SN fruits were powdered (100 g), mixed with 1 l of 70 % methanol in a screw-capped flask and shaken at room temperature for 3 d to obtain methanol extract. The methanol extract was subsequently filtered through Whatman No. 3 filter paper and centrifuged at 10 000 g for 20 min. The supernatant was concentrated in a rotary evaporator (B465, Switzerland) and lyophilized to obtain 2.78 g of SNE.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed to determine viability of MDA-MB-468 after exposure to 0.1, 1.5, 2.5, 3.5 and 5 mg/ml of SNE [21] . Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10 % fetal bovine serum (FBS; Bioidea, USA) and antibiotics. For MTT assay, 5×10 3 cells were seeded in a 96-well plate and were allowed to attach overnight at 37°. Plate was treated with 0.1, 1.5, 2.5, 3.5 and 5 mg/ml of SNE that left for 24 and 48 h. Then 20 μl of MTT solution was added to growth medium of plate. The supernatants were carefully aspirated after 4-6 h and 100 μl dimethyl sulfoxide was added for dissolving formazan crystals. A microplate reader (Bio-Rad, USA) was used to determine the absorbance values at 580 nm.
Acridine orange (AO) is a cell-permeable dye used for monitoring autophagy by labelling acidic vesicular organelles. MDA-MB-468 cells treated with 0.1 and 1.5 mg/ml of SNE for 48 h and untreated cells were stained with 1 μg/ml of AO for 15 min and fluorescent micrographs were taken using an inverted fluorescence microscope.
AO/ethidium bromide (EB) double staining was performed as previously described [22] . MDA-MB-468 cells were treated with 5 mg/ml of SNE for 48 h and were stained with 4 μg/ml AO and 4 μg/ml EB for 15 min along with untreated cells. The stained cells were examined under the fluorescence microscope in both red and green channels. Viable cells have uniform bright green nuclei with normal structure, whereas early apoptotic cells show green condensed nuclei. Late apoptotic cells exhibit orange to red nuclei with condensed chromatin, whereas necrotic cells have orange to red nuclei with normal chromatin levels.
Apoptosis in MDA-MB-468 cells was detected using DNA fragmentation assay. This assay involved extraction of DNA from a lysed cell homogenate followed by agarose gel electrophoresis. MDA-MB-468 cells were cultured in a 6-well plate in DMEM supplemented with 10 % FBS and antibiotic, placed at 37° and 5 % CO 2 in an incubator. After 6 h, the cells were treated with 0, 3 and 5 mg/ml of SNE for 48 h. Wells were washed with PBS buffer and cells were detached from the plates with trypsin-EDTA (Gibco, Germany). The cell pellets were placed in Falcon tubes and 500 µl of lysis buffer was added. About 10 µl of proteinase K (Fermentas, Life Sciences) 20 mg/ml were added, followed by incubation at 56° overnight. The next day, 40 µl of 5 M NaCl was added, mixed completely and incubated at 4° for 10 min. After centrifugation at 12 000 rpm for 20 min, their upper layer was transferred to a fresh microtube and 1 ml of cold ethanol 100 % (stored in -20°) was added. The procedure was continued by incubation at -20° for 10 min, followed by centrifugation for 15 min at 12 000 rpm. The upper ethanol phase was removed completely and 1 ml of 70 % ethanol (kept at 4°) was added and mixed well. Next, the samples were centrifuged again for 10 min at 12 000 rpm, followed by removing ethanol completely. After drying the samples at room temperature, the pellets were dissolved in 100 µl distilled, deionized, sterile water. The DNA samples diluted with the 6X DNA loading dye (supplied with the ladder) were subjected to 1.5 % agarose submarine electrophoresis in company with DNA ladder marker (Fermentas, Life Sciences, 1 kb DNA Ladder). Finally, the fragmented DNAs bands were visualized by UV transilluminator following EB staining.
In addition, apoptosis in MDA-MB-468 cells was detected using annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis detection kit (Biolegend, San Diego, CA) following the manufacturer's instructions. Briefly, cells were placed in 6-well culture dishes (4×10 5 cells/well) for 24 h prior to the addition of SNE (5 mg/ml). Following 48 h incubation with SNE, the percent apoptotic cells was determined by the annexin V-FITC/PI assay. The cells were harvested, washed with cold phosphatebuffered saline and resuspended in binding buffer. The cells were treated with annexin V-FITC conjugate and incubated for 15 min at room temperature in dark. The cells were then stained with PI (5 μg/ml) and analysed by flow cytometry (Accuri C6 Flow Cytometer, Ann Arbor, MI) within 1 h following the staining. The data acquisition and analysis were performed using BD Accuri C6 Flow software and a minimum of 10 000 cells per sample was analysed.
Expression levels of two autophagy-related genes Lc3 and Beclin1 were determined in MDA-MB-468 cells treated with 0.1 or 1.5 mg/ml of SNE and incubated for 24 or 48 h. After harvesting, total RNA was extracted according to the manufacturer's instruction (Qiagen, USA). The purity and concentration of the isolated RNA was checked by a NanoDrop instrument (Thermo Scientific, USA). In the next step, cDNA was synthesized (Fermentas, Germany). Real-time PCR for Lc3, Beclin1 and β-actin genes were carried out using designed specific primer sequences of Lc3-F, 5′ AAACGCATTTGCCATCAC 3′ Lc3-R, 5′ GACCTTCAGCAGTTTACAG 3′, Beclin1-F, 5′ ATGCAGGTGAGCTTCGTGTG 3′ Beclin1-R, 5′ CTGGGCTGTGGTAAGTAATGGA 3′, β-actin-F, 5′ AGACGCAGGATGGCATGGG 3′ β-actin-R, 5′ GAGACCTTCAACACCCCAGCC 3′. For real-time PCR, a SYBR Green PCR kit was used (Takara, Japan). PCR was carried out in a volume 10 µl containing 5 µl of SYBR Premix, 1 µl of cDNA, 0.5 µl of forward and reverse primers and 3 µl of double-distilled water. Quantitative real-time PCR assay was performed using a Rotor Gene 6000 thermal cycler (Corbett Life Science, Australia) according to the following conditions: 95° for 5 min, and 45 cycles (15 s at 95°, 1 min at 60° for Lc3, 62° for Beclin1 and 63° for β-actin). The data were analysed with a normalized gene expression method (ΔΔCt). ΔCt values were determined as the difference between the Ct of target and the Ct of reference gene (β-actin gene). The β-actin gene was used as a reference for normalization.
Expression levels of two apoptosis-related genes Bcl2 and Bax were determined in MDA-MB-468 cell line treated with 3 and 5 mg/ml SNE in different incubation periods 24 and 48 h. Total RNA was extracted from these cells using RNA extraction kit (Qiagen, USA). In the next step, RNA was converted to cDNA (Fermentas, Germany) and stored at -20°. Real-time PCR was carried out using the primers: Bcl2-F, 5′ TGTGGATGACTGAGTACCTGAACC 3′ Bcl2-R, 5′ CAGCCAGGAGAAATCAAACAGAG 3′, Bax-F 5′ TTGCTTCAGGGTTTCATCCAG 3′ Bax-R 5′ AGCTTCTTGGTGGACGCATC 3′. Real-time PCR was performed according to the procedure described in the above section. Quantitative real-time PCR assay was performed as described but with the following conditions: 95° for 5 min, and 45 cycles (20 s at 95°, 1 min at 63° for Bcl2 and 62° for Bax).
The results were considered statistically significant at p<0.05 and this was assessed using Student's t-test between treatment and untreated groups. The experiments were performed in triplicate and data is presented as the mean±SD from three independent experiments. Different concentrations of SNE showed cytotoxic effects on MDA-MB-468 cancer cell line. The percent surviving cells after incubating for 48 h with 0.1, 1.5, 2.5, 3.5 and 5 mg/ml of SNE were 87, 70, 50, 35 and 18, respectively ( fig. 1A) . Therefore, cell viability decreased with increasing concentrations of SNE after 48 h. The IC 50 concentration of SNE on MDA-MB-468 cells was found to be 2.3 mg/ml. The MTT assay indicated that treatment with SNE reduced viability of MDA-MB-468 cells treated with 1.5 mg/ml of SNE exhibited large membranous vacuoles in the cytoplasm, which is a characteristic feature of cells undergoing autophagy ( fig. 1B) . Therefore, AO staining was used to confirm autophagy cell death induced by SNE. Results obtained showed cells after treatment with 1.5 mg/ml of SNE for 48 h developed cytoplasmic red vacuoles (fig. 1C) . Moreover, AO/EB staining was used to detect other modes of cell death induced by SNE. As shown in fig. 1C , SNE could also induce apoptosis.
To determine whether SNE treatment reduced cell viability by activating programmed cell death in MDA-MB-468 cells, expression of two autophagy markers, Lc3 and Beclin1 and two apoptotic markers, Bax and Bcl2 were measured by real-time PCR. Fig. 2A shows that the mRNA levels of Lc3 and Beclin1 increased in MDA-MB-468 cell line treated with 1.5 mg/ml of SNE; these levels were 2.83±0.53 and 2.5±0.63 times higher than those in the untreated cells, respectively (p<0.05). Results shown in fig. 2B indicated upregulation of Bax relative to β-actin in MDA-MB-468 cells. A 2.6 fold increase in Bax transcript level was found in cells treated with 5 mg/ml of SNE compared to control cells. Bcl2 transcript level, the other apoptotic pathway genes, showed decline in SNE-treated MDA-MB-468 cells.
In addition, apoptosis was measured by DNA fragmentation and annexin V-FITC/PI assays. DNA fragmentation can be analysed by the typical DNA ladder formation, for which DNA is extracted from the apoptotic cells and separated on an agarose gel. As shown in fig. 3 , treatment with SNE resulted in degradation of chromosomal DNA into small internucleosomal fragments, a biochemical hallmark of cells undergoing apoptosis. Fig. 4 shows that the treatment of MDA-MB-468 cells with 5 mg/ml of SNE for 48 h induced alterations in plasma membrane features regarding patterns of phosphatidylserine exposure (annexin V+ cells), and plasma membrane permeability (PI+ cells). An increase of 21.37 % in the proportion of annexin V+ and PI+ cells were observed after treatment. Furthermore, there was a 67.47 % increase in the number of cells labelled only with annexin, a 90.13 % decrease in the number of unlabelled cells and a 1.2 % increase in the number of cells marked exclusively with PI. in Bcl2. The mechanisms of apoptosis involved two different pathways that include mitochondrial (intrinsic) and death receptor (extrinsic) pathway. The intrinsic pathway, implicated in the function of a majority of anticancer drugs, is regulated by the Bcl2 family proteins, including pro-apoptotic proteins, such as Bax, Bad and Bak, and antiapoptotic proteins including Bcl2, Bcl-xL and Bcl-w [26, 27] . The activation of Bax and inhibition of Bcl2 resulted in release of cytochrome c through the outer mitochondrial membrane into the cytosol. Cytochrome c in cytosol interacts with apoptotic protease activating factor 1 and caspase-9 to form a complex called the apoptosome, which activated caspase-3 leading to cell death [28, 29] . In addition, apoptosis was measured by DNA fragmentation. As DNA cleavage is a sign of apoptosis, the DNA laddering assay was conducted. The banding pattern between the treated and untreated cells suggested that the treated cells show DNA laddering compared to the large intact band seen with the untreated cells. Consistently, the annexin V/PI experiments performed with 5 mg/ml of SNE showed an increase in the number of cells marked positively for annexin V, revealing cells in early stage apoptosis (69.5 %). Simultaneously, there was an increase in double marked cells (annexin V+/PI+, 24.3 %), revealing the presence of cells undergoing late stage apoptosis or necrosis. These data agreed with studies of Lin et al., which showed that the water extract of the whole plant of SN induced apoptosis and autophagy in HepG2 cells. They concluded that cells treated with low concentration of SNE (1.5 mg/ml) result in autophagic cell death and cells treated with 2 and 5 mg/ml of SNE become apoptotic [7] . Moreover, another study analysed the cytotoxic effects of various concentrations of aqueous, methanol and ethanol extract of SN on leukemic cell lines (Jurkat and SNE was commonly used in traditional medicine as antiinflammatory, hepatoprotective and more recently for anticancer effects [23] . It is believed to contain anticancer polysaccharides and polyphenolic components with fewer side effects for treatment of cancers [24] . Son et al. reported that SNE induced apoptosis in MCF7, the ER-positive breast cancer cell line [5] . To date, there is no report on the capacity of SNE to induce autophagy and apoptosis in TNBC. TNBC is an aggressive tumor with a poor prognosis and limited treatment options [2] . Hence, in this study, the effect of SNE was investigated on MDA-MB-468 as a TNBC cell line.
This study showed a significant cytotoxic effect of SNE on breast cancer cells that was mediated via two mechanisms depending on the concentration of extract. The exposure of cells to a low concentration (1.5 mg/ml) of SNE resulted in autophagy. Autophagy is a physiological mechanism during which portions of cytoplasm are sequestered into double membrane vesicles, which then fuse with lysosomes to form autophagolysosomes. Lysosomal enzymes degrade the contents of the autophagolysosomes [25] . MDA-MB-468 cells treated with 1.5 mg/ml of SNE represented intracellular vacuoles consistent with the characteristics of autophagy when observed under the inverted microscope. Furthermore, SNE-treated cells were able to be stained with AO, a specific marker for autophagic vacuoles [22] . Confirmatory experiments performed with real-time PCR for genes expression analysis for Lc3 and Beclin1 showed that SNE increased the expression of LC3 and Beclin1.
A higher concentration of SN (5 mg/ml) induced apoptotic cell death in MDA-MB-468 cells as evidenced by increase in gene expression of Bax and decrease HL-60). It was reported that the methanol SNE was more effective than other extracts on Jurkat T cell line (IC 50 , 3 mg/ml) and HL-60 promyelocytic cell line (IC 50 , 4.8 mg/ml) [30] .
In summary, the present investigation reported for the first time that SNE induced autophagic and apoptotic cell death in MDA-MB-468 cells, a TNBC cell line. The present data revealed that SNE has the potential to act as a new anticancer agent for TNBC. These results add SNE to the list of herbal medicine that possess autophagic and apoptotic effects on MDA-MB-468 cells. The present study showed that a low concentration (1.5 mg/ml) of SNE caused autophagy and a high concentration (5 mg/ml) of SNE caused apoptosis in MDA-MB-468 cells. The molecular basis for the concentration-dependent different effects of SNE needs further investigation.
